Unfavorable light conditions in urban areas are one of the most important cause of inappropriate grass communities condition. The possibility to detect the plant stress caused by shade is an important element in shaping the environment. The answer to following questions: what is the ability to detect the stress caused by shade in chosen lawn varieties of Perennial ryegrass by using the chlorophyll a fl uorescence (O-J-I-P test) and which of tested varieties has the best properties to create grasslands in reduced light conditions is the aim of this work. Two-factor experimental micro-plot was conducted with three varieties and three different shadowing variants. Chlorophyll a fl uorescence measurements were provided and were compared to leaf density. Our results explored signifi cant difference between selected varieties in the terms of their photosynthetic apparatus adaption to light conditions. During May, all tested varieties were characterized by the rise of all fl uorescence curve points under lower light intensity. The largest changes under shade conditions were noticed for the variety 'Taya'. During next months a declining trend of photosynthetic effi ciency for this variety was observed. On the basis of our results, we assume that each variety has unique threshold and needs of light intensity.
INTRODUCTION
The light conditions in urban areas are substantially modifi ed by technical constructions and trees, what leads to the deterioration of grass communities functioning. Under such conditions, the amount of solar energy is reduced, as well as the wavelength spectrum is modifi ed (Bell et al. 2000 , Mu et al. 2010 . The reduction of photosynthesis rate, accumulation of pigments and leaves elongation are one of the fi rst symptoms of stress (Mu et al. 2010) . Subsequently the sodding is reduced. However, the effect of reduced level of solar radiation in longer time, especially on functioning of photosynthetic apparatus of lawn grasses growing urban green areas is still poorly recognized.
Photosynthetically active radiation (PAR) energy absorption by photosynthetic pigments' molecules occurs in the antenna complexes located in the thylakoid membranes (Kalaji et al. 2012 , Akhkha et al. 2013 ). The absorbed energy is then transferred into the excitation form to photosystems I and II (PSI and PSII) it is used to initiate the photochemical reactions. Some part of energy is lost, mainly is re-emitted as chlorophyll a fl uorescence (ChF). The amount of lost energy is an indicator of absorbed light quanta, which are not used in photosynthesis process (Kalaji et al. 2012 ). OJIP test is based on analysis of the measured signals ChF and it uses the theory of the energy fl ow between the various components embedded in the thylakoid membranes. Whereby it is possible to provide information about the functioning and structure of photosynthetic apparatus and allows the detection of stress in plants (Baker and Rosenqvist 2004, Stirbet et al. 2014) .
The lawn varieties of Perennial ryegrass (Lolium perenne L.) are commonly used for establishing the lawns in urban areas . The answer to following questions: what is the capability of detect the stress caused by shade in tested lawn varieties of Perennial ryegrass by using the chlorophyll a fl uorescence measurements (O-J-I-P test) and which of tested variety has the best properties to create grasslands under reduced light conditions is the main aim of this work.
MATERIAL AND METHODS
The experiment lasted from 20 April 2010 to 24 September 2012 and was established in a vegetation hall at Warsaw University of Life Science -SGGW, in two-factor split-plot system. Each treatment was replicated three times in special boxes (213 × 107 × 15 cm) with permeable bottom. Boxes were divided into nine plots. The seeds were sowed into base (growth medium), which was the mixture of sand (70%) and sandy loam (30%) (Dąbrowski and Pawluśkiewicz 2011 ·day -1 ). OS5-p fl uorymeter (ACD Bioscentifi c Ltd., United Kingdom) was used to measure the chlorophyll fl uorescence signals. Tested intact leaves were adapted in the darkness for 25 min, to pause photosynthesis process. The intensity of the saturation light pulse was 3500 μmol/(m 2 ·s -1 ) (650 nm). ChF was measured in middle part of the fl ag leaf. There were nine repeats in one treatment. There were four main points of fl uorescent curve measured: O, J, I and P. Chlorophyll fl uorescence measurements were made one time during month. The interval between measurements was about 30 days.
The results from O-J-I-P test were compared to shoot and leaf density valuated by evaluation system for turf grasses (Prończuk 1993) . This system provides 9 degrees of sodding evaluation, wherein 1 point is 0% of coverage, 3 points indicate a 20% of coverage, 5 points are 60%, 7 points are 80%, and 9 points are equal to 100%.
Statistical analyzes were performed by using Statistica ver. 10 program. Analysis of variance (ANOVA) was used to determine the signifi cance of differences between the means, Fischer's test was used as post-hoc test with level of signifi cance α = 0.05.
RESULTS AND DISCUSION
During May in the variety 'Nira' it was found that there were a signifi cant increase of the values of 2 points of the chlorophyll fl uoresence curve (Fig. 1) . Value of O-point was 141 in sun and was separate homogeneus group in comparision to values measured in halfshade (161) and shade (169). The P-point was the secont point, where were signifi cant differences between values measured in sun (552) and in halfshade (15% higher FIGURE 1. The points of O-J-I-P test measured in 'Nira' variety in May, July and September in different light conditions ( sun, halfshade and shade) than in sun) and in shade (27% higher than in sun). In I and J points there were no signifi cant differences. In July it was confi rmed that signifi cant differences between sun and halfshade and shade were in O-point. In other points there were no statistical differences. In September the signifi cant differences were, as well as in July, only in O-point and were between values measured in sun and in shade.
In May in the 'Henrietta' variety it was found that value of O-point measured in sun was 121 and was 20.8% lower than in halfshade and 47.9% lower than in shade (Fig. 2) . Value of J-point measured in sun was 248 and was 12.7% lower than in halfshade and 51.9% lower than in shade. Value of I-point measured in sun was 335 and was 16.8% lower than in halfshade and 61.1% lower than in shade. Value of P-point in sun and halfshade were similar, but in shade was signifi cant higher. In the next months, there was a clear equalization of all the points of the curve. Only in July the values of O and P points measured in halfshade were higher than in the sun and shade.
In May, in the the 'Taya' variety it was noted that the value of O-point measured in sun was 153 and was 14.3% lower than in halfshade and 34.4% lower than in shade (Fig. 3) . The value of J-point measured in sun was 280 and was 14.4% lower than in halfshade and 31.9% lower than in shade. The value of I-point measured in sun was 370 and was 13.3% lower than in halfshade and 48.2% lower than in shade. the value of P-point measured in sun was 569 and was 16.3% lower than in halfshade and 63% lower than in shade. The differences beetwen values of all 4 points measured in different light conditions were signifi cant. In next months there was an equalization of values measured in different light conditions. In O-point there were found that in June the value was higher in shadow than in sun and halfshadow. In September there were no differences between values measured in different treatents. In J-point the differences between values measured in sun and shade were signifi cant, but values measured in halfsade were in one homogeneus grup with values measured in sun and shade. 'Taya' was the only variety, which was characterized by differences in the values of J-point measured in the sun and shade in June. In September, as 'Nira, and 'Henrietta', there were no signifi cant differences between values measured in different light conditions. On P-point in July, there were signifi cant differences between values measured in sun and shade, but in September there were no signifi cant differences.
The O-J-I-P test represents translation of the original data to biophysical parameters that quantify the energy fl ow thought PSII and is very sensitive tool to investigate the photosynthetic apparatus in vivo (Straus et al. 2006) . Upon a dark--to-light transition, the fl uorescence intensity from chlorophyll increased from a low values (O-point), through two intermediate points (J and I) to a maximum values, which is P-point. Changes in the O-J phase indicate changes in the photochemical reduction of Q A to Q A - (Srivastawa et al. 1997) . The increasing of this step has been attributed to the physical separation of the PSII reaction centers from their associated pigment antennae which is resulting in blocked energy transfer to the PSII traps. Increasing of the I-P phase indicate that the plastoquinone (PQ) is not reduced to plastoquinol (PQH 2 ), which cause inhibition of electron transfer in the light phase of photosynthesis (Lazár 2009). With time, the induction curves started to converge, which shows the adaptation of plants growing in the shade of the conditions of limited sunlight. Although a fast O-J-I-P test has wide application in environmental studies on the state of the photosynthetic apparatus, it is so far no studies on the effects of long-term shading on O-J-I-P transient. However, there were conducted studies on the effect of short--term shading on O-J-I-P transient performed on barley. Kalaji (2011) shown that 7 days after shading the transient in O-J phase ran much higher than in control. In I-P phase transient ran lower than in control. In opinion of Fu et al. (2012) F 0 parameter (which is corresponding to O-J phase) was increasing in low light intensity, as well as F M parameter (which is corresponding to I-P phase).
The soding was depend on light conditions as well as on variety and time of year (Table 2 ). In May in sun 'Nira' variety was evaluated at 6 points, 'Henrietta' and 'Taya' varieties were evaluated at 7 points. In halfshade and shade 'Nira' variety was evaluated as 4. 'Henrietta' variety was evaluated as 6 in halfshade and 5 in shade. 'Taya' variety was evaluated as 6 in halfshade and shade. In June there were no change in the surface sodding in the sun and partial shade. In the shadow the soding area of 'Nira' variety was fell. In September, all three varieties were evaluated lower than in the other times of year. In the sun 'Nira' and 'Henrietta' varieties were evaluated as 6 points and 'Taya' variety as 7 points. In halfshade 'Nira' variety was evaluated as 4 points, 'Henrietta' variety as 5 points and 'Taya' as 6 points. In the shade 'Nira' variety was evaluated as 3, 'Henrietta' variety as 4 and 'Taya' as 5 points. In opinion of Mauro et al. (2011) , leaf area (as well, as plant dry weight) is signifi cantly affected by shading and time of year. Moreover, in shading there is increasing of shoot/root ratio because of decreased amount of root per plant. The negative infl uence of shade on leaf area was confi rmed also by Dai et al. (2009) and Mirales et al. (2011) . Results obtained by Dąbrowski et al. (2013) shown that shading has a strong infl uence on soding area on parks lawns.
CONCLUSIONS
Based on the obtained results, it was found that, conditions had a signifi cant impact on the status and functioning of the photosynthetic apparatus in all studied varieties of Perennial ryegrass. Light conditions also had a signifi cant impact on the sodding surface of all tested varieties. With the passage of time, the photosynthetic apparatus was adapting to the conditions of low solar radiation. However, this adaptability to adapting was dependent on the variety. 'Taya' and 'Henrietta' were varieties of the greatest capacity to adapt to the conditions of reduced solar radiation, while variety Nira characterized by a signifi cantly worse ability to adapt. These conclusions were confi rmed by the results of the sodding evaluation. 'Taya' and 'Henrietta' varieties were characterized by a greater sodding area than 'Nira' variety. On the basic on analysis of the results it is clear that the O-J-I-P test can be a tool effectively used to determine the effect of shading on individual varieties, and thus, can be used for the selection of these varieties for unfavorable light conditions.
